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© The present invention ; eliciting a i 

strong protective immune response against a pa^ agent in a host. The said compositiohs comprise a 
compound representing a B cell ; epitope ; whipri is an antigen frorn a p^hoQenic agent or; an antigenic sub-part : 
ttiereiof and a - com^uhd represent a^jtepafc 
'.' pathogenic agent characterized in that the compound repire^enflhg tile f ; helper cell epitope contains : Information 
for carrier function but not for ! epitope: suppre^siy^: function. The Jnyef^pn/^sb: relates to processes for - the 
preparation 
vaccines ^ 

to methods for eliciting a^ prqtebtiyp immunei response against a pathc^enic agent in a host ;^nd to methods for 
• determining w a wm^und [re^ese T helper cell; epitope;;^ f Onctioh| 
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VACCINE COMPOSITION 

The present invention relates - to ^ 
against a pathogenic agent in a host and to valines cbnteining the said : -£qmp 

II is known that certain antigens r^ 
of a humoral immune response^ Sucfr 
5 T helper cell epitopes are sub-parts of antigen^ 

: parts can be presented by an antigen presenting cell ;(APC) to T helper cells which in turn au'e then 
• activated and "help^ B c^i^ 

helper T cell dependent immune respohse ^ Immunol. 3/ 237^261 [1 ^]); j\ large : I V 

number of T cell epKippes aire knpwn to the : p^ 
io Natl. Acad. Set USA 1 199-1 2(i3 [1988] and ^Frmcd^e^r^l'.",' Nature 330, 1 6fo 70 1 [1 98^j; T hdl^ : cell v£>£ 
epitopes may be predicted using t^e methods of; QeU^ Proc. Natl. AciftBi^ 
, [1985] and Rothbard et al., EMBO J; 7/ 93-10Ql19$8]."^^^^;^^^:: V 

The ;strict gerie^c ^ epitope^ ^ 

MHC 9©nes limits the usefulness of vaccines T cell . epitopes. ; However: it has : been- :foi^&^. 

75 recently that certain T-cell epitopes are recognized by a large number of DR h^iotypes an<J thus can be • 
used as ; universal; T-celi epitojses (Sinigagfia et al: ( Nature 336, 778-780 [1988]). : : 

B cell epitopes are regions of an antigen such as a peptide, a polypeptide, a hapten or Vc^phydrate^^^^^^^^^^^^^^^^;^^:^^;' 
which regions can be recognized by antibodies, it has - feeen found that synthetic sub-parts of an antigen " X/.;:;^ : ; 
f onr»ing ; a B: ceil epitope are capable pf tnd|Lici HQ a prpfecti ve immune res^ 
: 20 example, chemically synthesized peptides represerWng a ;&cell epitope are 
of antibcwJies which bind to .the natiw rnolecula^ 
1455 [1971]); It has ito be^n 
<-: m immune response: in: ^ tqi:a. : carner. -Such ' canla^ 

A large number of s^ 
25 . also provide^ the. T;.ce1i:epito^ 

Some-p^ . 

tetanus toxin :of Clostridium tetani which is the paffiogenic a^ent causing tetanus and the diphtheria toxiri of ; i 
Corynebacterium diphtheriae (or Klebs-Loeffler badlius) which is ^e pathbgeni agent causing ^ '•'•/•" 
30 x has to be noted that these toxins are -'use^:;^;.c^erxprotBln in the toxoid form, to. the detoxified form. 
•;7 : .; : 108 f P! l0 ^ ln 9 T ^ ,e ! » wni 9 h is n ?* rne^t tb B which 
: y^nes : a^ available br wi || be a\^ ; in; the foreseeable future! s^^y^r^rom the T cell ; 

. ^^P^'-^^ithe-B'ce}! epitopes of "the^presen^jn ::E^.i> :• 
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^•i-T^ i^errts: m^ 

protective immunity to substantially all members of a ^pulatlon. pue to yiaiiai)ie Individual '> ; .;: 

: ; to vaccination ; it is almost impossible) to provide! jpr^e^ye : immunity to iill ' members -of a . popuMon . : . 
35 rtowever, since pathogenic agents are usually dependent oh; a cjose ir^raction iDetween earners of the ; ; 
^■: : )- : W- p|piogehic ajgehtand nb^ inf ^oh • the ; pr^h(^ of ; a low • number of ;;non- . 

immune individuals in a given pbpulatlor) usiiaHY does not j^pardize the success of a vaccination program^ ; : : 
. . ;-.As iniji^ted /above : proteins from the - pyogenic agents;: li sted in": -Table \ rriay,;; be - useli:: as ; i^nleirs f or ; ■ : ; 

sut-uhit vaccines representing B cell epitopes^ Examjpies <^ iproteins which are currently Used: ih ! vaccines ;? 
; if or providing! protective j immunity • tb i subst^ti«iiy : 'all):m^ 
• employed; in newly developed vaccines as carriers forjsuch B ceirepUopeis ^e ^ta diprrtheria toxin from : ;; '- 
•; i ^ diphtheriae and the t^ toxoid ifrpm^ rehire 328, : ;i 

: M ; 1207-259 [1 987] have conjugatecl fee 12 amihb acid • s^tiSetibi peptide (N ANP)^ bom the" ; im- !: i i 

munodpminant;B cell • epitope ;bf-P thete^us^;^ 

intramuscularly ; in three doses ; at monthly interval^ to 35 h^thy human ; yojunteers as- a malaria vapcihe. tt ;: 
was found tiiat this malaria ; vaabine lead to a protective immune response in ; pniy at few ; indivtduals. It was ) 
• proposed that tetanus toxoid given to the volunteers in the past as Immurt^ =.4:" ;^ 

' response to the :sy ntihietic peptide component (B-cell epitb^)'bf th0 : ;conjugafe 
x ; ; 50 In the meantime it has become evident that this observation can be giener^fized. it is Imbwn:.^ an i : : 
animal which is injected with ah antigen such as! a; proton responcls^^ to second injection ^th ; the - antigen j ] 
by producing a markedly enhanced ^tibody response; rf the second injection: is ; maq^ witii the orlgfnjai :".;'■ : 
: : : ; antigen which has been modrfi^ the : addition: of :a hapten ;w resr^nse ; to^ 

i antigen is similarly enhanced but the ires^hse to 
^f;? 5 ' 'which is termed -"epitpjp0;suppress|bn^ 

: : Epitope suppression: is thought to be paused by the presence of B cells which react with iepifop^ ; : : : 
the original -antigen. These B cells; which h 

; original antigen are able to oupebmpete ^ modified : pbrtiohis of the antigen thus | x ; 



3 



EP 0 429 816 AT 



leading to- a reduced irnmune response against the said modified pbftbns;^ WW 
1 04, 79-90 [1 987]). In addition T suppressor cells which appear tb be ; reactive wi^ 

of: the antigen have been shown to play a role in the inhibition < of the antibody • re^pbnse to i- the ; E^elJ i ; ;:i 
: , : epitopes represented by the said modified portions of the antigen ^gawa et al^ lrhmund;; : ;86-^^ 
s 335; [1984]) ; In the poor immune response to (NANP) 3 observed by Herrington : eV al. (su^ra) ! Wb^ginal • 
antigen would be represented by the carrier protein, i.e. TT, and: the : mbdiffe^ 
represented by the compound representing the B-cell epitope, i.e. the (NANPh; determinants: :W: 

Sub-unit vaccines consisting of sub-parts of antigens are a safe alternative • to vabcihe£;i containing; f 
inactivated or attenuated pathogenic agents especially in cases where the ^ of the 

io pathogenic agent is not negligible. Thus on the one hand sub-unit vaccines ^ reasons : ! 

mentioned above and on the other hand it is known that epitope suppression may lead to an- ineffective 
; sin 9 le B cell epitope vaccine (Herrington et al:, supra). Therefore a hew approach for ^esignirl^ sub-unit W 
vaccines had to devised. ; : . 
r It is known that sequences rebbgnized by helper T cells and suppressor T celis cain be dii^ihguished ! 
75 ( Adorini et at . ^ Exp. Med., 150, 293-306 [1979]). Therefore rt was proposed ^ai; in 

v or sub-barts representing T ceil epitopes which contain information te cam but nbt '!'^0^WWil.- 

i: : Suppressive function are distinguishable. A new test system had to it>e devised whfctf 
; ; :the above distinction;; Using this test system it has! now been fduhcJ in the jjjjinB^ 

information for carrier function can be separated from that for toe epitope suppressive : funclic-ri W'^W 
;.. : 20 : antigen; Thu the preparation I; of vaccines compnsin^^ 

: : component a compound:; representing a T cell epitope containing information fbr! carrier;^ "'^WWWW'r^ 
epitope suppressive- function.: I :" : ;Y W : : . \^ :: , : --- : '. ■ ,•;;:•; W W) ■ W : ::<MW^ 'W : ^MW- :&-^\ ^W)-. 

^Ofefpre the pre^ht: invention provides compositions comprising a c^pc^hd rej^enting ^ cell 
e p|tope which is : an antigen froma; pathogenic agent \ or : ah antigenic! subpart; thereof and a-c^rri^^d 
'.' representing a T helper cell epitope which is a sub-part of an antigen from a pathc^enid; agent ^ 

V : ized in ; that the compbu^ representing me T helper cell epitope contains- information for carrier fuhction but' ■ 
not for epitope suppressive function. The saidj compounds may originate from the ' same •• pr : • from- • different;- : ' J 
• i Pyogenic ag$^ the latter ca^e itj 

ft f ? mo y? ^ ec i uenc:es whjch contain in^rmatiohyor suppressive;; function ; pr altematiyely 0%\er thesb 
y 30 sequences :in such away th^ longer show suppressive function. The pr^ent inver%)n al^I; / : : 

! r? ,at e s to the processes for theVpreparaliph of these; compositions, ! to^ trie: sam£:and to Mp^W^ 

nhe use of these compositions and vaccines for providing protective immunity against- a: pathogenic agent^ : [ 
The sa]d composition^ mixture ;of .; the individual impounds imentiohed; abovS ?oY mly be one^ ' 

■ ■■: s single ■ chemical unit; ; " : " - - ■ , ."- 

35 • A compound representing a B cell epitope is ; defined herein - as being - a peptide • a poly j^ptidel a hasten WB 
or a carbohydrate d^ as a i diseasercausing bacterium^ vims^fungus or ; 

WW. parasite^;;^ table I anlj: d^ribeci ' in^Da^s-'et a\W : 

: ;:: ^Micrpbioibgy", 3rd ed:v: Harper 

: ; : : arb peptides and i^lypbptides : from such path^eri technbl|g^ 
;..:^..; : ; has made po^lble to 

of antigens Isogenic agents, the tcnowh amino acid Sequence bf - these antigens has made foible;! ; 
: : ,:^:^,:9^?ton bfjsynthetic^ 

numbe^ known (see: "Vaccines 89: Modem" approach^ to neWl vaccines ; ; ; 

; ; including . preventioh of; AIDS",: RiA. Lerner, rti Gihst^; R.M ^ring- ;: ^5^^^ 

:H^?--P%atoiy:[1^l Ctold Spring Har^ U.S,/^), Preferred"^ 

epito^; are sub^ tne |;i , 

,.-[•:;■. .^"n^PPJ^ 

; : ; comprising the sequence (N ANP)^ of the repeat region bf the pS^prot^h wherein n is afecnrt 3 : to W ^ WW' 
^ ^ ^mpovryd representing a T helper cell epitope is a sufchpart oflari -antigen .'such -as : :a' : ip^^ 
so complex subpart representing a! T helper cell epitope may bb; defined using the 

helperycell epitope provides carrier function but dobs not provide an epitope suppress!^ furrcti^^ 
> :: ;- - ^^n^'ned _ -M^*^=-^?^^?PV^P0 te s* sy^em which is also part of the; pre^nl invehtibh: : W 

(a) Antibodies ^ireded: ; against ^ antigen ^wherefrom^ 
; .^s epitope; |s: a subrpart th^ 7;Ty0 : ^^ 

: ; "^P?^ 9^!! ®P^°P 8 ^ antibodies should ; not react with - thb said cpmpbuhd represehting the : ^tati\^f 

• • T helper cell epitope; %. :;: ;;:; - : :vv-. : "■.\- y - :< ' v ^: : ^ •• 

y (b) Thb ■cbmjp^ 
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compound representing a B; cell epitope. The composition formed in this way (ten^ 
then tested for its activity; to; induce the formation of antibodies: in non-immunized hosts ^ 
which have previousry : been injected -with the antigen wherefrom the compound represe^ 
cell epitope is i a : isub^^- : ^drepf i ^ThQse:-:activities are then compared with the activities of a cpm 
5 comprising a compound: representing; the same B cell epitope 'linked -to. the -abpv^mentipne^ . 
(termed composition B) in non-immunized hosts and in hosts which have previously been injected withii^i i ; 
the above-mentioned antigen. : ' 

The compound ; representing the T helper cell epitope contains informatioo for carrier function but not ; ; j 
for epitope suppressive function when composition A and compositionB ^ : X^'v - ' ::> X ; • :- : ' 

w (I) have abbut equal capability to induce the formation of antibodies in non-immunized hosts; and ; ; ;:'; 

(II) an enhancement of the antibody response is observed with composition A in hc^s ; which have ; • ; I ; 
previously been injected (preimmunized) with the above-mentioned antigen in comparison to composition ; ; ; | ; \ 
B wherein the said response is suppressed. ;'. 

As outlined above the injection of a composition comprising an antigen as a carrier for a compound 

is representing a B cell epitope into a host vyhich has previously been in> with the said ^ 

reduced antibody response due to - epitope suppression, it has now ; : been observed that; with the; pr^ 
invention the potential ; disadvantage of using an antigen which has i already been used preyipus y^ 
immuhizatioiis as a barri^ be convert^ to ^ ac^ 

original antigen as a;caiTier which portion does hot contain information for an epitope .suppressive 

20 Thus for example it has been found that when a composition of the present invention comprising 

compound represeh^rig-a T; ceil epitope which compound is a sub-part from an antigen against which .:ft©?' : ;;;i^;:^: : -" 
host is preimmunized ; and; which compound has information for carrier function : but not to r; : j^pt top>e v JffX: 
suppressive; function Is used to vaccinate the host, the first injection of the said composition or a vaccine 
comprising it is taken by the immune system like; a secondary Injection: This is due^to- ^ 

25 priming caused by the preimmunization. The first injection of a vaccine comprising a c^ 

present invention in a preimmunized ;. host is ; therefore strongly enhanced in comparison to such * : a ifirst : ^0^^ 
injection In a: host without ^ cell - priming due to preimmunization with; the antige 
■■■ compounds representing ; ^ cell epitope in the com position is a; s^^ 

; immune response after a primary injection is especially important ih cases where a high titer of prot^ve:^;:^^^ 

30 antibodies has to be obtai hed; quickly; td; counteract the • effects of a virulent pa^pgeniQ; agent to whiq^ Sfls^ 
individual will be exposed shortly after vaccination. '^rv.;-;. .'. 

; Thus the; preset inventic^lalsb relates; to a method for elicitSng a prot^ 

pathogeriic i agent ; which method comprises simulating the-im mund: system of a host with an immunizing : : ; ; 
^ : amount of a composition or a vaccine of the present invention, j^ferabiy; to a method wherein the host ; is • ; ; 
: ;. 35 preimmuhized with ah antigen which is the antigen wherefrom the compound representing t^ t; helper cell;;:|:;.' 
: : : epitope; in the com^itionii-orthe. present invention is ; a : sub-part ; thereof. The time Jr^r^^^Iec^^^^fi 
the preim arid : ^ri va^ e.g. at:te^|;- ■; 

about 5 to 10 days, to many weeks, months; or even years. A porspn skilled in the; art is in a petition to ;;:;; ; 
'select appropriato ti Intervals or to design immunization protocols ; in accordance with ;th© - pr^ent^^ 
. 40 invention which are -optim^^^ in regard to these time intervajs. 

; I %]F\ui^fn^ :: ii;l}^ also been found that when a hdst^ whlc^ 
: eliciting a protective immune response m^ 

vaccine : of the ' prdsent invention, but which • cbmpositidn comprises a; : compo 

epitope which is different from the one present in the earlier immuniza^pns, then ; an enhanc^ Immune ;; 

>5 ! :; :re^ 

a different host thjan the host wherefrom the B cell epitope used for the previous immunizations ; was ; ; 

There^re me ; present invention also relates to a method for eliciting a protective immuhb; r^ 
• against a path animal), which host has • been preirnmunized: 

60 (a) first: with an antigen ifrdm a pathogenic agent Pi and then at least once, pref er^jy once or ; twice, with a 
composition C comprising a compound representing a; B; ceil epitope which is a^ 
: pathc^^ic agent P 2 or arv antig^ T helper cell eprtope^^^ x 

: : which is a subpart l of an antigen from the pathogenic agent P \ , characterized in • tiiat the; compound ;':;;•;•••; 
representinig^^ f helper cell;: epitope ' n'otr'-.to j an epitope i 

55 suppressive; function or V';,'; : y _ - 

' (b) :at least ; once, preferably twice with the compositibri C mentioned above; ';■ ■ ; . 
which me^ immune system of the host with ' an immunising iam^ 

composition 6'; : comprising a compound ; representing a: B cell : epito^ w^ 
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pathogenic agent Po or an antigenic subpart thereof and a compound representing a T helfier epitope;;: 
which is a sub-part of an antigen from ; the pathogenic ; agent P , characterized in that the - com 
representing the f helper ceil epitope contains.;, information; for Carrier function but riot for ^Oj&jpjib^ev 
suppressive; function.' '■. 

An enhanced immune response against the pathc>genic agent Po is the; result of the above immunization 
method. This finding is surprising since the person skilled in the art would have expected; that- -the 
preimmunizations mentioned above would rather lead to an inhibition of the immune responses 
surprising finding means that as hew protective B cell epitopes =■ are identified, hosts which have been ; 
preimmunized according to (a) or (b) as indicated above, will respond to an immunization with a 
composition of the present invention comprising a compound representing the said new protective B cell 
epitope with an enhanced immune response. ; 

Examples of antigens which are ■ widely used in vaccination programs : and thus could be used as 
sources for T helper sequences having information for carrier function but not epitope suppressive function 
in the preimmunizations : mentioned a^ from the pathogenic agents selected from 

the group of pathogenic Cagerrts / list^ jn Table t 
bacillus). Clostridium tetania BordefJ^ 

polio virus; rota virus, hepatitis virus, influenza virus and pox virus ; et al. 

Thus: the present invention pre^ 
cell epitope is a sub-part of an; antigen or is derived from an antigen from a pathogenic ag^nt mentioned (< 
: above, fvto^ 

preferably the sub-part of the tetanus toxin Which is the;; polypeptide : 1173-991 having ; t^ acid 
. sequence •' , ' ; • • , ^^X^; ^ ' \ •••• : ;.- . : ^:£>-. "■'-■/ 

; Tyr-Asp-Prd-Asn-Tyr-Leu-Arg-rt 

Arg-lle-Lys (I) . - : 

, or an equivalent thereof; • ■' J:- • . - ; - ' ' ■-. 

: ; : An equivalent of the ppj^ 

sequence which differs from ;the amino acid sequence (I) by deletions. . insertions and/or amino acid 
isubs^tg 
: sequence cbro^ 

:; 2, 3, 4 or 5 amino acids at - the N-terrhihus anoVpr the C-terminus are delet^^ 
9R having the amino acid sequence j ; 

> or an' equivalent thereof. " ' ■ , ,;.; ; ■ - 

x Arnino acid substitutions^; w^^ 

known from the article by R;F. Doolittle in "the Proteins'*, Vol. IV, Neurath. H. and Hill RL ••" Eds . Academic 

Press, New York, p; 1 -1 1 9, [1979]. 
; It; has to: be rioted that ;^ ^ 

6 amino acid residues and thus the peptides i .e. the compounds mentioned above should have at lea^t 

■about this | size: It is : understood th^ ; in cases Where the said -cdmpdurid -is ; large; ; e:gv is ; i n the: ; form cif a U 

peptide which comprises more thano*; ^iho acid residues, the compound may represent in fact™ 

orie epitope, whereby these : epitor^ may also py Therefore wherever it isrefered to a single e^tope ; 

in the present case a plurality of eprtopes is rhe^ encpmpa^^- v ol 

'The peptide or polypeptide representing a B cell epitope or a t cell epitope may be prepared using 
; conventional peptide syrithefc: m ; solution or, preferably;;; by the solid ; phase frriethod of .••;: 

Merrlfield ( J. ; /y^ by any other equlvalent;^m ait ■ ■; i 

Solid phase synthesis is cpmmence<l from the CrterrninaJ end of the peptide by coupling a protected 
•amino acid . to a suitable resin. ; A . st^ can ; ^prepared -byi-attach^ amirib £ 

:■ acid: via a benzyl ester linkage to a chtoromethylated resin 6^ hydroxymethyl resin or via an amide; bond: ; 

to * benzhydry lamine (BHA) resin, a) methylbenzhydrylamine (MBKA) resin or benzyloxybenzyl alcohof ; 

resin, t^ese resins are useiare ^H: known 

General methods for protecting arid for removing prbtectirig groups frbrn amino acids which can- be 

used in th£ invention ^ peptides:;^ Synthesis, Biology Vol:; 2, (E. 0r6ss ^d 

; J; Meienhofe^ 

Analysis. Synthesis, Biology ^ p. 1 -38> Vol % (S. Udenfried and J. Meienhofer, Eds., Acaderhic Press, New 
Y? rk (1 ?B7p. Protecting groups include, agS; j^e 

; bohyl ;(Boc). benzyl ::(Bzi), 1>bu^i;;^ 3^;;; 
; dimethylbenzy I (Dmb) groups. ."v"- 1 
: After > rem^^ 
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protected amino acids are coupled step-wise in the desired order. The entire peptide may be synthesized in 
this way. Alternatively, small polypeptides may be constructed: which: are : :Jate^ : ipiTi^;:;:tp. -giye'. : the- 
peptide product. Appropriate coupling- procedures are known in the art, with the procedure of Konig et al; 
: (Ch8m; Be 

i 5 or the procedures of Dourtoglou et al: (Synthesis 1984, pp. 572-574) and Knorr et al. (Tetrahedron Letters, 
30; 1927-1930 [1 9891) using 0-benzotriazolyl-N.N,N f t N -tetramethyluronium hexafluorophosphate (HBTU) 
being particularly suitable. 

Each protected amino acid or peptide is introduced into the solid phase reactor in excess, and the 
coupling may be carried out in a medium of dimethylform amide (DMF) or methylene chloride (CHiCfe). qr a 

70 mixture thereof. In cases where incomplete coupling occurs, the coupling ^ repeated before 

removal of the Na-amino protecting group prior to the coupling of the next amino acid. The success of the 
coupling reaction at each stage of synthesis may be monitored. A preferred methcd of ^ 
synthesis is by the ninhydrin reaction. The coupling reactions and washing steps can be performed using 
automated instrumentation. . . ; • v.'- 

15 Cleavage of the peptide from the resin can be effected using procures W in peptide 

chemistry. For example, reaction with hydrogen fluoride (HF); in the presence; of p^re^i arid dimethyisui- 

; fide at p* C fori hour may be followed by a second reaction with hydrogen fiupri^ presence of p- 
: v crespl for 2 hours at 0 r C or with trifluoroacetlc acid/methylehe chloride/ani^le. Cle of peptides from \ : \. ;:-;..' 

: chlbrbmMiylated or^p^ 

20 groups at the C-terminii Cleavage : of peptides from benzhydrylamine or ; methy Ibenzhy dry lam resi ns 
^ produces peptides having C^errninal amide jgroups. , 

•Alternatively the > peptides or polypeptides representing- the' B-cell epitope can ; beV prepared using 
mefec)ds of ^e recombinant DNA technology. The methods for ^eparihg polypeptides ^ DNA 
•: . ;•■ technology are well known in the art. A DNA fragment coding for such a polypeptide may be isolated from a ■ 
-25 % genomic library or from a cONA library from the pathogenic agent or rniay b^ i prepared according to ; 
: procedures well known in the art, e.g. by the phospHotriester method (Narang et al;, Meth. Ehzymol. 68, 90- 
98 [1979]) or the phosphodiester method (Brown et ; aliii; M 979]. The DNA : 

fragment may then cloned into an expression vector as described by Mahiatis et al. in "Molecul^:;;;^ 
Cloning^- A Ubor^pry ^ 

so ^ ; A large hurfiber B Sell epitope* are known to the; person 

• skilled in the art These haptens and carbohydrates may be- prepared by well known methods. Alternatively 

the compound representing the B cejlepitppe 
7 and isolating the said com biochemical methods. : ; • \ : : ; 

: : ^ "" :: -S "% The compound ; representing a T cell epitope is at peptide, a polypeptide or a c^bohydrate derived from 

; 35; : a pathogenic agent.; the s^d conrippurid may be prepar^ % indicated : ^»ve for rte compound represent- ; ; 

. '. irig a B cell epitope, '^V-t-. ■ ^v.;.;-^--- ^ : ^'%4*&? * \- c-^k^^. 7 -7V77 

:|: : Furthermore the p^jptide^poly peptipNe, hapten or wrtx>hydr^rte representing me B-cell epitdp^ ^dfoj the ; ; 

y.Qy-y : peptide or poly^jptide representing;^ 
;^^^:^ as described ^ 

40 of such a MAP is the multiple aLntigehic peptide system (MAPS) B;-cell; epitopb {(NANP)*^ 
; ■ ! N ref^at s^uehce (NANP) present in the ;Jc^S ; protein of ; Piasmpdiyrh • ; 

MAPS can ; be synthesized by a conventional sbl^ the preferred core 7::7 :; 7: 

rnQi^ule.::iri the dendritic structure of MAPS oiher iysir^ike; molecules such as- ornithine and rior-ly isihe ; 7 • 

■ •••••• rriaiy also be used; : ' : . ; -^-.V ; V"" / /;>;'■ " : ^ v lJ:':;7."' "'-C'V. V-> : ' : - ■.;■/'- 7 ■■■■ ;•.'••• •' W\ '■>:C. .-^ 

• Trie; com present inventibri be prepared; by covalbntly coupling a compound ^ ; ; 

;•.-;•;'. representing a; B cell epitope with a compound representing ia T cell epitope, The^ro^ may be; either 
directly by the formation of a peptide or iah ester bonql between free b^^^l, amino or hydroxy! groups ovi 
^ or polypeptide or carbohydrate representing;;^ i 

■so ,V peptide, polypeptide, hapten or carbohydrate representing the B-cell epftbpe or: indirwtty yta ai^nverrtipnal ; ; ; j v ;> 
bifunctiona] • linking group.; Examples • for cpnyentiorial bifunctional linking reagents used for the^^^fo • 
such linking; groups are sulfosuccinimidyl ^(^aleimidbphenyO^ (sulfp-SMPB); sulfosuccini^ ; 
; ■ : i^ (sulfo-SlAB), ^ : :'X':^} 

iminbthiotoerriCI ; (Traut's re^entK ; ;d 
55-; eimidbpHeny^^^^ N-succinimidy^ 

: (BMH) and m- v : •; 

reagjentsarecbrnmerc^ 

C2r-7-dialkahals such as glutaraldehyde (AvrarheasV ; Immunochem. 6, 43-52; [1 969]) may; be^ used; . ; ; 
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; The compositions ;;of the present invention may also be prepared directly in the form of a linear peptide^ ; 
: comprising the B cell; epitope function and the T ceil epitope function- in; one mdlecule e.g. by using 
methods of the recombinant DNA technology or by conventional peptide synthesis methods. However ^ere v 
. »s no need that the; compound representing the T-cell epitope is ;covalehtly linked x fe the cornpbund 
s representing the B-cell epitope, only that these compounds be associated in such a way as to lead to joint 
presentation to cells of the immune system. 

The compositior^ and compounds a to the present invention can be . purified by: knoWn: 

methcKJs, such -as different centrifugation, precipitation with ammonium sulfate, dialysis remove sahs 
(under normal or reduced pressure), preparative iso-electric focusing, preparative gel electrophoresis or 
7p various chromatpgraphical methods, e.g., gel filtration, high performance liquid chromatography (HPLC); ion; 
exchange chromatography, reverse phase chromatography or affinity chromatography. 

The present invention also relates to vaccines comprising a composition of the present invention and a 
pharmaceutical!^ acceptable adjuvant. 

^ a protective immune response against a : pathogenic agent 

75 having a cross-reactive with i the» one in^tha-! 

"pharmaceutic^ adjuvant" can mean either the standard ;w 

: human administration hydroxide or the typical adjuvants and excipients (e g. senjm albumin 

■:.'i^l,P^^f' preparations) employ in animal vaccinations. Suitable adjuvants -for the vaccihatiin of ^niniais 
include but ajr;® not jiir^ited :tp Freunci's complete or incomplete adjuvant (hot suitable for 'human or livestock 
20 use). Adjuvant 65 (containing peanut oil, mannide monooleate and aluminum gefe • 

/•;;;• ... such as aluminum : hydroxide, aluminum phosphate and alum;: surte^^ 
• : : !^ecylamine,;:; ; lyso!ecithi bromide, N^ipc^ 

; sulfate, : poly |C, polyiaciry fic acid and carbopol, peptides and ar^irw;^^ 
: ; : j ^^n^®J^jS'y<?.^- r .^ffe^iSffi^^'" 1 " omulslorii: /The composition of the present -invent ;/; 

: i^ere^ following ihcbr^ration into Ifpbsorhes or other micro^am'ers, or after corrugation t£ polys^> ; : A 
charides, i other i proteins or V other polymers or in ; <^mb^ dyil-A |:to form riscpms^ ;-:i<;, : . ; " 

■ (imrtiuno^ Immunol. Meth; ^15^168 [1^]; Morein^et at;- Nature if': 

308, 457-460 [1?84]). Irv;^ 

■'■'^W: which are capable of expressihsj ainucleotide jsequ^ encoding a peptide or polypeptide re^eseriting a 
•:>/^ and; Q B-cell epitope i.e. a composition according ; to thef present invention ; can beV usedi as i ■ 

y^y^f^^^^ry, systems (Mackett, Immunol. Letters 16, 243-2^48 [1987]). 

^ Y^nes; ^ prepared j?y combining a compiosrtion according to; the - present Irivehtion wi#a-^^ v: :: 
/ /<N ph^aceuticaliy acceptable adjuvant; Preferably the vaccine is in'the form i of a unit dose, ^e am'ourW of 
: - : :'%^, 3C ^ compounds administered as a vaccination or as a medic%nent at one time^ 
; : will depend on the subject being treated, the manner: and 
;^ t^ However, an effe^ may be in the' ^ 

M ; ^position c^ ttiis invention, preferably about ;10() ug to about 500 ^nff 
# s ?? m ? v ^ S0 b ^; us ^ 1 -; JP B V a ??ney m ^y be in; a variety of; form 
y : ^; : My's6Kd, semi-solid arid licjuid : dosage biTns/ The unit dose is preferably pabked In; 1 I;' 
■yr:y v ^cine in the form; of ;;a: suspension io : sterile Thetrnost preferred ;v^cine^;^^^ ; ^ V : 
• : ;/-:c6mprises 0.4 m^rprotein ^ 

'^:^^^^^\^)- |J»y) . :The vial is; preferably;: packed in; a ^ 

describing the correct use bfthe vaccine- The inyen]^^ dc^a-^^e^i:':!- 

" :; - :: ; Pr^ent invention; relates to a process : for the preparation of said: vaccines or of i'uni wef: Vl '•• 

^ ! 

"■: : :ft9 ; te ^d# route of administration of > vaccine as well ^ frequency of i inje^tiohs are all fedtors •; 
• : ; : //.;. : : ; ordinary skill; in the 

50 • munolbgiwlly;;effe<^ amount of a vaccine is followed: ^ 
: ;:: -^J^ 1 ?^*- ^ net effect of which is the production otv high ; titers of antibodies against the particular • " : : 
:/ : ' Y ' :/••;:••; pathbgenic agent . ;";■' ;;"; 

Hay lr }9 j now ; generaJly describ^ ; this - in v^ same ma| be more:^ 

to t^ be understood that th^ 

: : //-': 55; ; : ; shp^ invention in any way to the specific erhbpdiment Vecited t^ : • ; ; • 
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F:,' & : . • • ^ .'• jy;': : .:. 

! Sb^ frbfn TT 

the compounds representing T helper ; cell- sequences from TT were obtained byv chemical and : :: 
enzymatic treatment of TT. 50 mg TT were reduced in 5.5 ml 4 M guanidine, 0.4 M Tris buffer pH 8 and 15 

5 mg dithipthreitol. The mixture was incubated for 1.5 hours at room temperature. Then; the; mixture was 
alkylated b^ hours at room temperature. After an 

overnight dialysis against OA U NH*HC0 3 adjusted to pH 7 with glacial acetic acid. 1.8 mg tivpsin^^ 

: were added and the mixture was incubated at 37 # C overnight The peptides in the resulting digest were 
separated after dialysis against 100 mM ammonium carbonate pH 7 using gel filtration FPLC (SepHaroseTM 

10 12 column, - HR1 6/50/ Pharmacia)- Fractions from the column were monitored for activity using T ceil 
proliferation 

lymphocytes from mice immunized with TT. Active fractions w^^^ further separated by diluting them in • 
tiifluoroacetic acid (TFA);ahd applying; them; to a reversed phase FPLC column (PepRPC 5/2, - Pharmacia) 
equilibrated with 0.1 % TFA. Peptides were eluted with a linear gradient of isopropainoli Agalni aliqupts weret^;: : 
■ 76 I tes^ Active ^iquots were fur^ 

> ■> dilution iri TFA, on a rev^rsied; phase HPLC column (Vydac Ci 8 No: 21 8TP544) equiHbrated wi^ 0:1 % TFA^ ;; : 
Peptides were eluted with a linear gradient of acetonitril. Fractions were 'tested for activity with the in vitro TTV^v,.. 

anaiysis. tince characWized, one of !the : peptides, i.e. TT73-99 and derivatives -thereof such as TT88-99 
;■:- 26^;;: w^ for activjty : : in T eel I prolif eratipn tests, : helper T cell tests; and ; in; epitopei 

suppression tests as Sesc^ibed below for the exemplary- composition (N ANP)4 TT73^99: ' i 

- : Synthesis and purification of (^ANP)» TT7^99 and TT73-99 "• 

acid sequence (I) corresponds to the : j^inpi^ ^ ■ C 

73-99 of the tetanus toxoid/ synthesized | : by the i^lid^phase technique; using 
: b ba^sed side chain protecting groups and erp- : 

r behzy loxy benzy lalcohol • polystyrene resin as described by Atherton -arid Sheppard in "the Peptides: ; 
: i : 1 Analysis, Synthesis, Biology" p.; 1-38, Vol. 9^^ S. Udenfriend and J; Meienhofer ; (EdsO, Acade™^ New 

manual shaker. The protocol fbr a typical synthetic cycle was as follows: o 





: Step 


.Reagent, ■ 


Time 




••'4 : - : l- : : 


; N.tedimethy If piroamide; (DMF) : \ 
; 20% piperidinWDMF 
) .DM% : ':-;jlx>f : ::::: : : : ■ : . "V- 
2,5 eq; Fmoc-airninb acid / DMF • 

%2.5^. yBru :■;!;:;:■;, 

# ■ 2.5 ^rNrethyldiisbpropylamine 

.;-_;ipMF „ 

/tedprppyl alcohol (l^Pi-biH)" ji:;i;<; ; j^:. ; ; 


2xVmin;V 
t x7 mih. 
::5;x;1 min: 






; 1i;:x 

•3 >c | min. 

•••^xit^min:-^.-' 



• 45 The resuitirig protected TT73-J^ ;;^i^me^y lerie • [ ''; . 

A ? chlorld^^isbl (49:49-2) - : yield ; the ; freie TT73^9 ; pbiy peptide :p^ hlgfe i ; 

: p 

;i: : : : TO system. The fwlyp ;i ! 

: ' :: "^: :: * E: ->;-; " H P LG ;..anicl shbwWSthe e>qpe^ed : .a^ihp' : acid/ com position :affeir;;acid i hydrolysis^ •• ' ; 

50 The polypeptide (NANPj* TT73--99 was synthesized by a combination of the classical solution techniques;-'' 
• ; ; ; and solid • phase peptide synthesis; The protected tefrap^ F^oc-^n-Aj^^n-Pn^ 
":i accprciing to .the Allowing: scheme: 1 " 
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Asa 



Ala 



10 



15 



30 



35 



40 



: : 45.' 



so 



:55\ 



Fraoc 



Fmoc- 



Fraoc 



Asn 



Z 
2 



OH H - 
HBTU 



Pro 



OSu H 



H^/Pd-C 



TFA 



OH 

OH H- 
HBTU 



-OBut 
OBut 
- OBut 
•OBut 
OH 



; i Four repeated couplings of 

^r[TT7^^)fpi^6B\ resin yielded: the; protected (NANP)4TT73-99 polypeptide resin ■ Treatment with 
: ;^fliioroac^ ^to: polypeptide. Purification was- achievecl i 

by HPLC in: the above mentiohed gradient system. The polypeptide was homogeneous by analytical HPLC' • 

j: : 25 - Test for activity of (NANP)fTT73-99 .^l-:-;' 

; A? a pc^potind repi^ehtjn^- ai T cell epitope ;^e • pply^ TT73-99 was tested; as a model carried 
: peptide for the B wll epltdpe sequence (Asn-Ala-A^-Prbfe also termed ;(NAnP)„ in: the .single;! lettercode for 

jepr|^ri£^ 

munbdominant sequence of the major surface protein of P; falciij^um spbrozoltes pame et al: • Science 
^ Clinical studies : wm" vaccines I 

c»mprising :this /sequence have conferred sterile immunity- to sorne of the volunteers cHilenged^ 
? parasite (Herringitpn et al., supra; Balldu et al; ; Lancet ill 277-1 281 [1 987]). As a compound representing a B 
r cell epitope the peptide (NANP)i was sele^ed ih the present ^arnple^: 

In the first experiment 5 BALB/c miqe were preimrriunized by subcutaneous injection with is Ug TITS^ 
9?v;jn; ^ Fifty tour days: la^r^m mice i were injected 

subcutaheously with 25 ug ; (/^ in HA. The; cornposition (^Cys-(NANP)3)35TT which 

st^ds fqr :(Aq^tyl-C^ prepared: ia acrarda^ce with known -proce^ i 

dures (Etlinger et at - Immunology ^ 55 1 -558 {1 988]). the same da^ 5 nbrriiai BALOc mice each (riot 
;:pr^[rnmunized:^ 

or^wrth 25 ug TT in nA.iThe ^bipdy titers: in the rpfema bf M m measured by EliSA (EtiingerW 

aJ., : lmmunolpgy ^;;K1-5^;N atOweekly^ 
munization using microtiter pi^es coa^^^ theipeW res^h^ 

; me^) where^ Mr is defined as the r^ of the; last dilu^bn of plasma wfe 
at awavelen^ £ 6.1 arid £ 0.24. : ; ; 



Table II 



Immunization protocol (Injection) ■":; 


Antibody titer x ip 3 


••:.^- : V ^::: i ;; :: -- 




(NANPJsb: 




•:TTO99: 


t^-99 


(^Gysr(NANP)3)3i Tt} 
(Ac-Cys-(NANP)3)3 S TT 

•:tT-V : - 1:.- •::;:: ^w.-, ■•• 


; ; i^(1;4) 

tp;i;. ; i8(1.:4V?::v 
0v15(:0) 


1.9(1-2) ; 
V 26(1 ;5) 
51<1:2> 


;();15(0); 
; 0.54(2)^ x 
;: 0.15(0); 



id 
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i#ads to; enhance^ i.e. 
( Ac^ys-(N AN R)3)3s TT : The absence of antibody;;^ and TT, as 

welVas^ NANP at the T cell level (Good et al., 

J. ^p^i- M Del Guidice j et al., J. ImmunoL 137, 2952-2955 [1986]) indicates that 

priming bbcurredlit the helper T cell level. 

In the secc^d; experiment 2 sets of 5. BALB/c mice were preimmunized by subcutaneous Injection with 
50 ug TT In AI(OH)3. Thirty six and 168 days later those mice and 2 sets of 5 normal mice were injected 
sub^tehedusly ; ei^ with 25 ng of (Ac-Cys-(NANP)3)3 5 tT : or with; (NANPKTT73-99 in FIA. Trie antibody 
titers were i rneasured by ELISA between day 36 and day 70 for the primary peak response and from day 
168 and day 1 89 at weekly intervals for the secondary response. Table 111 shows the peak response for 
each immunization protocol Values are given as geometric mean titers as in Table II. 

Table III ; 



Immunization protocol : i- 


MM 


(Injection) 








■1st 


• 2nd'".'' : ''' ;V ::: :: ;: 


^NANP)so 


/"tt-;-;;; 


TT73-99 




(NANP)4TT73-9^^^^i;: 


::3.4(1;5) 


0 37(1 1) 


;iill[l;9) 


TT 


; (NANPHTT73-99 : 


; 15(1,7) ; 


: 98(1.2) 


4.1(1.5) 




(Ac-eys-(NANP)3)3sTT 


21(1.1) 


:; 151(1.2) 


0.15(0) 




: (feCysKNANPJahsTt 


6.9(1.9) ;; : 


454(1 2) 


0.15(0) 




30 



Immunization protocol 




body titer x 




(Injection) 






1st i 


2nd and 3rd 


(NANP^o 








;;^ 


116(1^3) 


0;15(0)i 


1.3(1.8) • 




;-(NANP^TT73-99 ; ; 'V 




17^(it2)i 


1 2^(1;7) ! 




^(^ 


; 179(1 ;3): 


878(1.3) 


0,15(6) : 


TT 


(Ac-Cys-(NANP) 3 )3sTT : : 


10(1.3) 


878(1.4) 


0.15(0) 



40 



ISO 



55: 



Tables III : £ind IV show the wm parisoh ^ the effect of prelmmuriii^dri wi^;;TT on the ; subsequer^ ; 
response to tile conjugate (Ac-Cys-(N^ the entire Cj^er protein TT and to the peptide 

(NANP)4TT7S-99 containing only a sub-part of the courier protein TT yiz;j 1T7^9| A ; mouse: strain which is 
genetfc^l^ level 

;ter;^ IV fori tw^ 

(NANj? 

- epitope supp^ response was elevated in pretreated mice. On the other hs^ 

TT priming did not lead to an Inhibition of .the anti-(NANP) reponse to (NANP)4pT73-99 l it actually ^ 

in toe enHi^c^ : i : ; 

; ; ; ; ; ; t^ 

proteih ^i^: Which peptide (here TTTO-9f9y^ information for an ejpitope suppr^rve fun^ori. 

From a practical standpoint, a carrier sequence for vaccines shpuld be recognized by T cells of most 
:= people; It is known that certaJn peptides are restricted by a large variety of human Class II alleles (Sihigaglia 
jet ; al^C ; : N^ur^ ^^7^ ? t 1 ^^i* Panina et al., Coldi S LIVv Gold 

Spring;::f^^ Laboratory^: New ;Y^ 

generally - r^cbg indicated ;'-; in ; Table; ^ 

subiutaneously with (NANP)4TT73-99 in Freund's; complete adjuvant :3i^ day a ia^r! the mice were; injected : : 
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; 3 1 'wm^-M^UiQ ^B) booster/ Table V shows the peak • geometric mean titers of ith^ anybodies formed, 
i ^"{N ANP j ^ ters : W e ^ t ^}^'^^^^^ in Table II. AnH-spdrpzoite titers- 'w^re- determined by 

Normal 

: mo V s ?:^ a^ti-(^NF>) titers; f ; 150; and anti-sporozoite titers < 10. AiSough the responses were 
Variable; shows: that each of : the seven mpuse strains tested produced anti-(NANP) and anti- 
isppbzQite antib^ responsive to the NANP sequence: at the T eel! level (Good 

; et at. ' J, Exp. Med. 160, 655-660 [1 986]; Del Guidice et al. ( J. Immunol. 137| 2952-2955 [1986]) the results 
shown in Tabhe V indicate that all non-jhi-2 1 * strains are; capable of recognizing^; t^ epitope 
represented by; TT73-99. In the case of H-2 b mice the helper T ceil function cou Id have occured through 
recognition of the NANP sequence. 



Table V 



■IS:'- 



25 



20 : 



(NANP) 4 T^ in 

genetically diverse nriice. 






arUi^NANPjso 


ahti-sp^ 




i Haplotype 


titer xlO 2 • 


• titer ' ■■:{$:[:' -'^ 


;i0tplRiii 








C57B1/10 




; 14305 J; 


115852 ; 


.;>B^Qi;;: : . : : : .: ; - . 


':::h: ;; ;:S:V.;; 




. • ;i28by;: -v 


BIO -BR 




■■■^ 915; 


2b%;I-'.; 


: BIO M 


-f A:;;:-,:;;, 






<;bio:g : ,>---:: : ;; : : : ;;- 






••:-:::'^4b960 : 'M 


Bl6b2 


t: ; > d • ;••!; 


144* 


- 20460 



30 : B ?^ °0 by ; SinlgagHa; et al. (supra) it was suggetfbd ittat ^ \ : ; 

the gehetic^iy diy(§r^ 

: To 9^ n "nsight into this point, peripheral blood leukocytes (PBL)! were bbt&nW 'iTom 20; volunfeers and: "', 

: ^ 

■\-V/« ^: : fWi©r: : » ul erf lOO ug/mr w NaCI or 100 ugAnl TT in 0^1 5 M Nabl br only 0^1 5 M NaCI. ' 

: : ; | ^ 

l'6 typ- ^°F^M T ceil proHferation:^ ^termin^ 

J? ^ determining ^ 24 ticju^^ 

40 : ; pH>thy midine ihcorpbr^ori : is a measure for the extent of uti& synthesis* The stimulation 'index 'is- 'the * 
!?t: PH]-thymidine Inrorppratf on ^m^in^, fe' counts per minute;: ^breviafed I cpiriri j ih th^ cultbres 1 
i : :;^ t |!ni"9 :T ri7^9por TT, r^p^yely;; theiiambuntxp jr^rpdrattion In -Scuttures^ 

j containing neither TT^99: nor TT; ; 1 2 put bf 20 volunteers responded to jthr^ {stimulation iruJex ^2) 

■ } : the cpmppuri^ re^ B cell epitope (Ae: (NANP)irpart) doe$ not • • 
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}£:pT-^'. c^itular reactiyi^ humans • 


• antigen ; 


' ; : Stimulatibn i ridex 


<2 




: . 3 7 : .. 


: x : ";4- : 


••• : 5:' 


: 8 


: ;- : ; K.i4; : " v 


36 






■ : ':3/:- 


. : ; 2.:; 


■;'::'3 ; 


.yi 


- : V 1 -- ; - 


: it: .;• 


1 






3 


: 10-30 


40-60 


70-100 


>100 








5 : ';; 




-.. s : 




;,. ' 4 ;.: ■ 


4 



f5: 
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Irt ia ifc i: clinical ; studies 

analyzing the adjuvaritid^ (Ac-Cys-(NANP) 3 )3sTT were tested; 

; for reactivity: with TT.i; and fT73-9a both prior to and following immunization ; with (Ac-Oys-(NANP)3)35TT. 

Antibody -titers were as described by Etiinger et al., j> j lmmunoL 140. 62^3 [198^ using;; 

'peroxidase^ou^ igGSlufa 
Preclinical titers ^ 

of pre4;^ ;ibum1n : :-{us^l as toe ty 
• iwas found to be ;lb| (i:1^ T ceH reactivity; to TT7&99 could be derhbrisfratedi 
in about half: of t^^ 

peptide (Table VII). - . . - _.;; -H} 
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table VII 



iyHumorairc^ 




: pre-ciihical 


; post-clinical: 


•;'.:;• sera 


-;;:;;> .. : : : 'sera;;:; : . : - : : : - :: - 


:::(Titer:W;10 3 V 




TT73-99: 

■:: : TT"- : '..;;- : 


1^(1.1) 
44(1.3) 


;:; 1,3(1.1) 

; 1^(li> 



W \ > The :i absence of Human antibody reactivity for TT7$-B9 foHo^jhg tt or (^:^ysHf^NiF^)35T r : : ;: 
: ; i;i 4oi\ muhizatibnlshowri above Is similar ^ and: ; jy); IlKe^ it had ; ; ; ; 

b^a shown that the inhibition of the antibt^^ to the ^ P^ft ipf . 

! } ; «^Ji6sitibr» ; (N^P)iTT^-99^ wiE^ ; caUseS preimniu nizati oh vvim i-tJ^ carrier proi^n TT p^SMmabfy 
; v - A in : part ; b^ause i preimmunizatipn led to the presence of ; p^n^ B ceils ; which re^nized; 

th^ un^dified ^ the carrieir protein TT in the Cfompc^ltion. This;; inhibition has b0eh ^nn^ epifope 
i: '.- s^ressipri (SchutzBlet ; al4 pell; Immu^^ 98^^^]^ imply ■ abserice : of . : ; ; :|>; 

;: ; ^ originai : prqt^ i^pnafcte prerequisite for ;: ;; 

":;- :;: i : [■ ;/"c^ndiciate' peptides ^ epitope oppressive fuhction. y- 

;;: T^ at h^t agarvrt a^:^ 

agehi Pq, which host beehi preimmuhized^^^^ 
: sol: (a) -first wM . eig.; with tetanus; towid : {7T^ 

: :;; composition C' e.g. the Composition cbmprisirig a compound representing a B cell 4: 
ejpitb^ 

j; antigenic s^f^^ Q^ffy. , r ftpm >ife.;.CS prot^n ; - of ^ r a • ; • 

iyyl, <»m^uind ! ^represenSng; a T helper ceil epitope ; whfoh ■ is a sub-part of ah iantigeh from the |^ ? 
'. : .::--56 ;;;•'. Pii e.g.i;fr6m ^.characterized in |that;; the i; com pound representing i the T;^h 

information for carrier function but hot for ; ah epitope suppressive function, such as; hSe compound TTa9r^9 : : 

' /. :, ;. ':;•••: /; v : • y :v' y or; TT7^9; or;- y : • x : : ' :: : : -[ ■ -M-t^ ^ ;• /.';; : ;^' : ' : . ]: I j: ; - /• : *;': : :;' : --' ■'';;;v: : :;.' V :: :v:V: , ' : '- : ';V.-'v : ■ ;r';;- : - 

. (b) once or twice with the comjxisitipn C mentioned above, •: . 
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with : an;Jmmunizing; amount of icorpDS^ comprising a 

compound representing a B cell epitope as: a model jor an^ntigen^ e^:; an antigen from a pathogenic agent 
Po ' or an ant»genic sub-pa>t thereofv Such :a^ ^ t0 

61 of hen egg. white; ^ ithe Composition He14fr6MTT88-99 

mentioned above; arid a compound; representing a t helper cell epitope which; is: a sub-part of : an antigen 
from the pathogenic agent Pi mentioned above ;c*a^ in that ; the ccmpcund representing the T 

helper cell epitope contains informati^Vfo for an epitope suppressive function, such 

as the compounds TT88-99 or 7173^99; 

(NANP)*TT88-99 and He 1 4&61 TT88-99; were synthesized us a continous flow peptide synthesizer 
(9050 PepSynthesizer, Milligen, Division of Miliipore. Bedford- Mass.; ClSA) which automates the Fmdc- 
polyamide method of solid phase: ^ptide: s in me i Milligen 9050 peptide: synthesis 

operating manual. A mouse strain which does not respond to repeats of (NANP) or to (Hel 46-61) at the T 
cell level due to its major histocompatibility complex (MHC) haplotype was used in order to clearly 
distinguish effects of B (^ll ; epitopes fi^ the ; immune response: liiree sete of 5 

BALB/c mice were used. Each anirhal in one set- r^eiveci subculaneously 50 ug TT in AI(OH) 3 on day 0 
followed on day 32 by 25 ug (NANP) + tT88-99 in FreuncTs complete adjuvant (FCA) and on day: 75 by 25 
ug (I^Nf )♦ TT88-99 in : Fl A; on days 1 0^; and 1 38 M mice received 25;l^Hei4e^TTB&^9 in jFIAi iEach 
mou s©^ receiv^ ^ same ^ec mi(^ bitjiis se^rid 

set were hot preimmunized with TT. Each animal in me : tnird set Was not preimmuriized andxeceived 25 ug 
of He146-61TT8c>99 in FlAon two pcc^sjpns 32 days apart. The: results of the alb^i experiment are shown 
; in and! me immunization protocol used in ' 

these control; experiments are shown ihiTable VIII/ parts A arid B: The peak titers were determined on day 
43 following the first injection of (NANP)4T7f88-99 in me! control! experiment^; sho^ Table Villi part A on 
day 32 following the second injection of;:(NANP)*T^^ shown in table VIII, 

par * ? n ^ }^onovAnq^&. secxnB; injection ^ the experiment 6 ^hdwn in 

Table VIM, part C (in brackets the cpefficie^ of gebmet^ between 

me immunizations and preimmunizations:;: are not^nrTeant to be of particular importance : and may vary 
considerably depending on toe ; ; ^ leaBto the sarrie prc^diW immune 

response. The person sWiled in the art is: in a- j 
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Immunization protocol ""'^'i 
, Injection;.; : " : 




; Aiitibbdy titer x 10* : 








•(NANPfeo 


Hbi46-61-BSA 


A"; 


1st 


;; : /j:;':;2nd.,;. : : :.; : /; 








: TT;;- 


|: (NANP)^TTi38-99 :: 
;::;{^ANP)4tl^99 •: 




: ; : : :W(1^1': : 




Br 




^d and 3rd : ; ■ 






(NANP) 4 TT86-99 
(NANP)iTt88-99 




iiO2:0.i2)-: : ^ 

;||||;||||| 




Vc:.: : ; : 


di^:: 


;2ncTand Zt^W^;.-i: 


;:|4th and : 5my : :.;;v;; : ^:A;; 




; -.TT ; / 


; (NANP) 4 TT8^99 
(r^ANP)4Tt8^99 ; 


He146-61TTT^9-x 
He1 46^61 JT88-99 
: rte146r6ln$?-99 




f::v^-2ir-(1^); : <; : ; ; l 
; 211 (15) 
v iK;(i.6) ; 



ss 



./ : Table VIII, parts A and B show the comparison of the effect: of preimmunizatidn with TT after one 
(Expenment A) or two (Experiment B) challenges. with, the: peptide K :(NANP)»TT88-99 containing only a sub- 
part of the carrier protein TT. viz. TT88-99. As already: shown in fables III and IV for {NANP)»TT73-99? TT 
priming enhanced the anti-NANP response to (NANP)«TT88-99. ' 
: :Experiment G shews tiie effect of - - d:^ [ '-?- : ^0M^AAf:- 

^TT88-9&.b^ 




14 : ; 



on the immune response iiriia host afteir the immupizaU the antibodies 

reactive with the compound representing a B cell epitope ^ a conjugate 

consisting of Cys-Hei 46-61 coupled to bovine ; serum alb^ 

to know procedures (Etlinger et ai:, Immunology 64; 551-558 [198^). As sh^n in Table VIII, part C the 
5 . antibody response elicited against the B cell epitope Het^-61. was enhanced had 
• : been preimmunized in compa^jsbh; ; to n the effect was seen 

between the preimmunization protocol (a) vs. (b). Experiment C shows that a preimmunizatioh with a 
composition of the present invention • not only does not result In ^ response 
against a second composition in accordance with the present invention comprising a com 
io ing a new B ceil epitope and a compound representing the original J cejl epitope but ac^a^ enhances the 
response to the new B cell ejpitope. TO new protective B cel^ are identified; they 

can be combined with a previously used T cell epitope such as e.g. TT73-99 or TT88-99 and then be used 
for the immunization of a host which has been preimmunized with a compipsition of the present invention 
comprising a com pound representing the said previously used T cell epitope, whereby the immunized host 
75 will respond to the said new protective B cell epitope with an enhanced immune response. 

In a further experiment the effect of the immunization of a host with a composition of the present 
invention such as the composition (NANP)4TT73~99, which host has been preimmunized with only the 
compound representing a T helper iceH^ with ; 

the complete antigen wherefrom me cell epitope is (dleriv^) h^ b that this 

20 immunization protocol leads to a strong suppression of the immune response against the B cell epitope i.e/ 
(NANP)n In the comppsitron. It has ; to be noted however, that the abdve-mentioned immunization protocol is 
. ■ just of theoretical interest sincelin practice hosts are not pref^ 
helper ceil epitopes iohly. As clearly indicated above the method for determining whether a compound 
: representing a T helper cell epitope provides carrier function but does not provide an epitope suppressive 
25 function clearly invoices preirnmuriizatipns with the ppmple^ - antigen and therefore it is understood that the 
i present invention does not relate to cases where; the host is preimmunized with the compound representing 
the T helper cell epitope only but to cases where the host has been preimmunized with the antigen 
; wherefrom the T helper ceil epitope is a sub-part thereof or with a imposition of the present invention. 

The above : results demonstrate • that it is possible to take advantage df T helper cell priming and 
30 eliminate the potential disadvantage of epitope ^pj^slof^ 
identifying T helper cell epitopes from <ni^ 
1 representing these T cell epitopes alone or in combination with other antigens as carriers for compounds 
representing B cell epitopes of various pathogenic agents. The present invention provides improved ^b- 
s unit vaccines which represent a further step in the development of "engineered" vaccines^ improved 
35 sub-unit vaccines are especially important in cases where humoral immunity constitutes ;an important 
effector mechanism such as in the prevention of malaria* 



40 



Claims 



i. A composition comprising a cpmpcwjnd representing a B cell epitope which is an antigen from a 
pathogenic agent or an antigenic sub-part thereof and a compound representing a T helper cell epitope 
which is a sub-part of an antigen from a pathogenic agent characterized in that the compound repre^hti 
the T helper cell epitope cont^ns information for carrier fupctipn but npt; for an epitope suppressive 

45 ; function. : ":.-;;;: : .1 .•••lll.ll 7 7777 77 ■ r 7 1. ■ 11 . 1 7 ".. 1 7 1 7. 1 : ll I ' "' : -7 : 77- : ; ; : - . ; . • ; ; • 1:1 . IT .1 -if : 77 7 7 77 . 11 1 11 . T : :T 

■ ; 2- A composition according to cMum 1 ; ^^ac^ert^ed r h that the compound representing a T helper eel) 
epitope is a sub-part of an antigen from a pathogenic agent selected from the group of Gorynebiacterium 
diphtherial (Klebs-Loeff ler bacillus), S^eptooiccus pneumoniae, Glostridium tefcatni, Bacillus Calmette- 
Gu^rin, Bbrcfetelia pertussis, Vibrio cholerae. mumps virus, measles virus, rubella virus, adenovirus, polio 

50 virus, Bacillus anthracis, rota virus, hepatitis virus;, r^ies virus; HiV-1 , HlV-2:, HTLV^ influenza virus, pox 
virus, Yersinia pestis, Plasmodium falciparum, foot-arid-mouth disease virus, Eimeria tenella and Eimeria 
acervulina. : . . . • 'p '.- 

3. A composition according to claim 1 characterized in thai the compound reprinting a T helper cell 
epitope is a sub-part of the tetanus toxin :or the; ^ V 

55 4. A composition according to claim 1 characterized in that the compound representing a T helper cell 
epitope is the poly peptide haying theamt no acid s^^ 
Tyr-As£Pr6-As^ 

•,;/ : : . Arg-lle-Lys. (I) : " ; y ^^777l3^:\\^77 ' ; 1 ''I'll'- --Si' 1 1' ; '" : 11 1 > : l;ll:'il v :l 777''^7 ; P777 : \ 
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- or an equivalent thereof. ■'■ • 

5. A composition according to claim 1 characterized in that the; cbmi^ T helper ce)l;>^- 
epitope is the polypeptide having the amino acid sequence • ; 
Leu-6!n-Thr-Met-Val-Lys-Leu-PherAsn-Arg-lle-Lys, (fl) 

s or an equivalent thereof. 

6. A composition according to any one of claims 1^ 

B cell epitope is a sub-part of a antigen from a malaria parasite; 

7. A composition according to any one of claims t to 5 characterized; in tha^ i 
B ceil epitope is a subpart of the Plasmodium falciparum circumsporozbite protein.: 

10 8. A composition according to any one of claims 1 to 7 ; for the prot^tiye im 
: pathogenic agent. 

9. A process for the preparation of a composition: according to any one of ciairhs -1 to 7, which process 
comprises coupling a compound representing a B cell ; epitope; which^ 

or an antigenic sub-part thereof to a compound representing a T helper cell epitope Which is a sub-pail of : 
75 an antigen from a pathogenic agent which sub-part contains inform^ ndt for ^: ; 

epitope suppressive function. 

10. ' A process for the preparation of a composition according; to; any one of clirns: I to 7; char^terized in :;.;' 
that conventional peptide synthetic methdds bt m^ 

11. Vaccines comprising an immunizing am^ 

. 20 :. a'. pharmaceutically. acceptable adjuvant. > ' )v :• ; ;i>-.; : ; 

v12;:-^e : ;use of a composition in accordance ;w^ tb.;7 : br^ to • : : 

j claim 11 for providing protective immunity against a - pathogenic agent; '"'< \ . W rh <;; 
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